Bending forward and squatting down are two common physical tasks in everyday life and at work. This study determined the sEMG characteristics between erector spinae and vastus lateralis during bending forward and squatting down tasks by analyzing the regularity of variation in sEMG frequency domain index-median frequency (MNF) in healthy subjects. The results indicate that sEMG activities in erector spinae are significantly higher than those in the right vastus lateralis during bending forward task. Instead, in squatting down task, sEMG activities in the right vastus lateralis are significantly greater than those in erector spinae. It also shows that the fatigue degree of low back caused by trunk bending is much deeper than that by squatting down. The ratio scope of one-order fitting values of MNF between erector spinae and vastus lateralis ranges from 0.87 to 1.72 among 80% of subjects during bending forward task and ranges from 0.31 to 1.11 during squatting down task. This study provides certain theoretical basis for using the strength of low back in a proper way to avoid getting it hurt in daily physical activities.
Introduction
Bending forward is a common physical task in everyday life and at work. For example, people must bend down when they carry heavy loads or pick up something on the ground. When people do the housework, they often keep their bodies in forward flexion condition. In these cases, if people do not pay attention to their posture, especially for those who lack exercise, it is easy to cause damage to low back. What is more, using the strength of low back incorrectly and prolonged trunk bending have been treated as risk factors for low back pain (LBP). Due to increased pain and/or muscle weakness, individuals with LBP often have difficulty in performing trunk bending and lifting task. Low back pain (LBP) is one of the most general public health problems in today's society and makes a considerable contribution to disability [1] [2] [3] . Hence, it is extremely essential for people to adjust their posture in a proper way. In order to avoid aggravating the burden of low back, people with or without LBP will consciously rely on the power of lower limbs muscle to implement some actions, such as squatting down.
Surface electromyography (sEMG) has been used in both research and clinical applications for noninvasive neuromuscular assessment in several different fields such as sport science, neurophysiology, and rehabilitation [4] [5] [6] . The use of surface electromyography (sEMG) techniques has played a major role in understanding of the functional activity of lumbar muscles in both healthy and LBP subjects [7] . SEMG has been widely utilized to study changes in trunk and lower extremity muscle activities [8] [9] [10] .
As one of the essential parameters for the analysis of electromyography signals, frequency domain analysis was used in this study. In this research, fast Fourier transform (FFT) and classical power spectra were used to process the filtered sEMG signals and obtain the features of power spectra. Median frequency (MNF) and median frequency slope (MNF SLO) are usually used as quantifications of the power spectrum [11] [12] [13] . Mean frequency is the average frequency 2 Physiology Journal value of the power spectrum, while median frequency (MNF) is defined as the frequency that separates the power spectrum into halves of equal power [14, 15] . Median frequency slope (MNF SLO) reflects fatigability during prolonged exercise [16] .
A few of previous studies have shown the evaluation of sEMG characteristics of low back and lower limbs between the patients with LBP and healthy subjects. A recent study showed that the normalized EMG activity in erector spinae and the right gluteus maximus was significantly higher in the LBP group than in the healthy group during prone hip extension [9] . Farahpour et al. analyzed the EMG responses of erector spinae and lower limbs muscles to unexpected forward and backward perturbation test in patients with adolescent idiopathic scoliosis and healthy volunteers. The results presented that, in forward postural perturbation test, the EMG responses of erector spinae and biceps femoris muscles in the adolescent idiopathic scoliosis group were greater than those in control group [17] . Leinonen et al. compared lumbar paraspinal, gluteus maximus, and biceps femoris muscle function during sagittal trunk flexion and extension in patients with chronic low back pain and healthy control subjects. The results showed that activities of gluteus maximus muscle during the flexion-extension cycle were reduced in patients with chronic low back pain [18] . Massé-Alarie et al. assessed the onset timing of the transverses abdominis/internal oblique muscles during two rapid limb movement tasks with different postural demands as well as differences between CLBP and controls. In both groups, 50% of bilateral shoulder flexion trials showed bilateral anticipatory TrA/IO activation. But in unilateral hip extension only the TrA/IO contralateral to the moving leg showed anticipatory activation [19] . However, these studies did not focus on the correlation in muscular activity between low back and lower limbs. Moreover, there are fewer data about the sEMG characteristics between low back and lower limbs in daily physical activities, such as bending forward and squatting down.
The objective of this study was to determine the sEMG characteristics between erector spinae and vastus lateralis during bending forward and squatting down tasks in healthy subjects by analyzing the regularity of variation in sEMG frequency domain index-median frequency (MNF). Due to the aim of this research which was to distinguish which one could lower the fatigue degree of low back muscle during two tasks, this study only chose the healthy individuals for the experiment. Moreover, according to the requirements, it is somewhat difficult for parts of LBP individuals to implement the experiment uniformly. The study provides certain theoretical basis for using the strength of low back in a proper way to avoid getting it hurt in daily physical activities.
Methodology
2.1. Subjects. Seven male and three female volunteers participated in this investigation. All subjects were healthy with normal physical characteristics (see Table 1 ) and had no history of pain in lower limbs or low back. None of them participated in any activities in the past 24 hours before the test. Prior to the study, all subjects received verbal and written information about the study. This study was approved by the Biomedical Multidisciplinary Research Center of affiliated university.
2.2.
Procedure. The implementation of this study consisted of two exercise movement tasks. In the first task, the subjects were required to stand with feet shoulder width apart and drop their arms naturally at both sides with a pair of 1.25 kg dumbbells in hand. When the subject heard the order "start," the upper body bent forward about 90 ∘ and then restored upright position, and so the subject repeated this action every 3 seconds for a minute. In the process of reciprocating, the arms must keep straight down, as shown in Figure 1 (a).
In the second task, the subjects were asked to hold a pair of 1.25 kg dumbbells. When the subject heard the order "start," he or she put his or her left foot flat on the floor, right foot moved back half a step, the body squatted down naturally, shifted centre of gravity of the hip onto the right foot, and then restored upright position, and so he or she repeated this action every 3 seconds for a minute (see Figure 1 (b)). Similarly, in the process of squatting down and standing up, the arms must keep straight down.
In this study, sEMG signals were recorded on erector spinae and vastus lateralis [20] . A pair of Ag-AgCl electrodes were attached to the right erector spinae prominences which were at L2∼L3 segment of the vertebra along the longitudinal axis of the erector spinae and the vastus lateralis on the right leg. Electrode diameter was 0.5 cm and electrode pitch was 2.0 cm. The reference electrode was placed on the outside of the vertical between the two electrodes. Before attaching surface electrodes, electrodes sites were cleaned with alcohol and shaved with disposable shavers. After that, the skin was abraded by soft sand paper and then again cleaned with alcohol to ensure reducing skin impedance which is reduced from 3 MΩ to less than 500 kΩ. Electromyography signals from subjects were collected using the Shimmer Development Kit which was provided by the Shimmer Corporation of Ireland, as shown in Figure 1(a) . The Shimmer collected sEMG continuously for 60 seconds and transferred data into a personal computer via Bluetooth wireless transmission in real time. All data collected were stored as.csv file automatically. This file could be opened by Microsoft Excel, from which the stored sEMG data were decoded.
Data Analysis and
Processing. The raw sEMG signals were recorded at a sampling rate of 1000 Hz and filtered by using a four-order Butterworth filter to produce a bandwidth of 10-500 Hz. A two-order notch filter with a band stop of 49-51 Hz was used to eliminate AC line interference. The recorded sEMG signals that were stored in the computer were divided by intervals of 3 s. Median frequency (MNF) of the sEMG power spectrum was calculated at each 3 s interval with fast Fourier transform (FFT) algorithms.
SEMG signals were used to calculate MNF by the following equation:
where MNF means median frequency, is the frequency, ( ) is the power spectrum, is the frequency resolution. The processing of sEMG and the calculation of median frequency (MNF) were achieved in MATLAB R2009b.
Results
The statistical results indicated that about 80% of subjects' muscle activities showed consistency. It showed that there was an increase in the amplitude of lower frequency band and a relative decrease in higher frequency band in the power spectrum of sEMG signals. In Figures 2 and 3 , the horizontal axis represented time, which was divided into 20 segments with 3 s per segment, and the vertical axis represented the MNF value of each segment. The average of MNF of 80% subjects was shown using curve. Figure 2 presented the respective change of median frequency (MNF) and its one-order fitting values of erector spinae and vastus lateralis in the first task during 60 seconds. The values of MNF showed a decline trend in a fluctuating way with times going among erector spinae and vastus lateralis. But the absolute value of one-order fitting in erector spinae was greater than that in vastus lateralis. Figure 3 showed the respective change of MNF and its one-order fitting values of erector spinae and vastus lateralis in the second task. Different from Figure 2 , the absolute value of one-order fitting in vastus lateralis was greater than that in erector spinae. Figure 4 showed the ratio of one-order fitting values of MNF between erector spinae and vastus lateralis among 80% of subjects in two tasks. The bar chart revealed that the ratio scope ranged from 0.87 to 1.72 in the first task and ranged from 0.31 to 1.11 in the second task.
Discussion
This study demonstrates the difference in the muscle activities between erector spinae and vastus lateralis while performing the given two tasks. Numerous studies have used sEMG to The ratio
The subjects identify muscle fatigue. In a previous study, it is suggested that there is a concomitant change in the power spectrum of sEMG signals during muscle fatigues. The shift towards lower frequency in sEMG power spectrum has been found to be associated with localized muscle fatigue. Thus, it results in the decrease of MNF in the frequency domain. It has been reported that muscle fatigue can be determined based on the reduction of MNF. Median frequency (MNF) has been found to have advantages over other sEMG assessment techniques such as amplitude. And median frequency (MNF) is a reliable and accurate measure of the frequency shift of the sEMG in muscle fatigue [21] [22] [23] [24] . This research also indicates that there is an increase in the amplitude of the lower frequency band and a relative decrease in the higher frequency band in the power spectrum of sEMG signals. Figures 2 and 3 present the decline of MNF with the subjects feeling muscle fatigue over time. These results keep consistency with previous conclusions.
In a previous study, it shows that although central and peripheral factors are responsible, the main factor contributing to the MNF shift towards lower values may be peripheral, that is, a slowing of the muscle action potential conduction velocity [25] .
It is evident from Figure 2 that the decline of median frequency (MNF) in erector spinae is much faster than the decline of median frequency (MNF) in vastus lateralis. The result demonstrates that sEMG activities in erector spinae are significantly higher than those in the right vastus lateralis. It further illuminates that subjects easily feel more fatigue in low back than in lower limbs during bending forward task. Instead, the decline of median frequency (MNF) in vastus lateralis is much faster than the decline of median frequency (MNF) in erector spinae in Figure 3 . Similarly, subjects easily feel more fatigue in lower limbs than in low back during squatting down task.
In the bending forward, the burden of low back is more heavier than that of lower limbs. However, in squatting down task, the burden of lower limbs becomes even heavier. Figures  2 and 3 show that the fatigue degree of low back caused by trunk bending is much deeper than that caused by squatting down. Hence, people are supposed to replace trunk bending with squatting down appropriately to avoid aggravating the burden of low back. Figure 4 presents the ratio of one-order fitting values of MNF between erector spinae and vastus lateralis among 80% of subjects in two tasks. The bar chart which represents the ratio values between erector spinae and vastus lateralis reveals that ratio scope ranges from 0.87 to 1.72 in the first task and ranges from 0.31 to 1.11 in the second task. These results suggest that there are certain correlations between erector spinae and vastus lateralis in the muscle activities.
In the literature, most authors find no statistically significant difference in muscle fiber compositions between genders [26] . In this study, male and female subjects show consistency with the regularity of variation of median frequency (MNF).
The deficiency of this study is that subjective factors have some influences on the experimental results and, due to taking heavy lumbar load, it is somewhat difficult for the parts of LBP individuals to implement the bending forward task. Therefore, the application scope of this experiment is limited. How to improve the experiment is to be further investigated.
Conclusions
This study determined the sEMG characteristics between erector spinae and vastus lateralis during bending forward and squatting down tasks in healthy subjects by analyzing the regularity of variation in sEMG frequency domain indexmedian frequency (MNF). It showed that 80% of subjects' muscle activities showed consistency. During bending forward task, sEMG activities in erector spinae are significantly higher than those in the right vastus lateralis. Subjects easily feel more fatigue in low back than in lower limbs. Instead, in squatting down task, sEMG activities in the right vastus lateralis are significantly greater than those in erector spinae. Subjects easily feel more fatigue in lower limbs than in low back. The ratio scope between low back and lower limbs ranges from 0.87 to 1.72 in the first task and ranges from 0.31 to 1.11 in the second task.
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The application scope of this experiment is limited due to the influence of subjective factors and it is somewhat difficult for parts of LBP individuals to implement the experiment.
In daily life, people are supposed to replace trunk bending with squatting down appropriately to avoid low back pain (LBP). This study provides certain theoretical basis for using the strength of low back in a proper way to avoid getting it hurt in everyday physical activities.
